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Abstract
Objective: The primary aim of this study was to measure pressure generated on a Tuohy needle during 
the epidural procedure in labouring women of varying body mass indices (BMI) with a view of utilising the data 
for the future development of a high fi delity epidural simulator. High-fi delity epidural simulators have a role in 
improving training and safety but current simulators lack a realistic experience and can be improved.
Methods: This study was approved by the National Research Ethics Service Committee South Central, 
Portsmouth (REC reference 11/SC/0196). After informed consent epidural needle insertion pressure was 
measured using a Portex 16-gauge Tuohy needle, loss-of-resistance syringe, a three-way tap, pressure 
transducer and a custom-designed wireless transmitter. This was performed in four groups of labouring women, 
stratifi ed according to BMI kg/m2: 18-24.9; 25-34.9; 35-44.9 and >=45. One-way ANOVA was used to compare 
difference in needle insertion pressure between the BMI groups. A paired t-test was performed between BMI 
group 18-24.9 and the three other BMI groups. Ultrasound images of the lumbar spine were undertaken prior to 
the epidural procedure and lumbar magnetic resonance imaging (MRI) was performed within 72h post-delivery. 
These images will be used in the development of a high fi delity epidural simulator.
Results: The mean epidural needle insertion pressure of labouring women with BMI 18-24.9 was 461mmHg; 
BMI 25-34.9 was 430mmHg; BMI 35-44.9 was 415mmHg and BMI >=45 was 376mmHg, (p=0.52). 
Conclusion: Although statistically insignifi cant, the study did show a decreasing trend of epidural insertion 
pressure with increasing body mass indices.
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Introduction
High-ϐidelity epidural simulators have a potential role in improving training. The 
“Curriculum for a CCT in Anaesthetics” stated that “The historical reliance on workplace-
based learning is being compromised further by decreasing hours spent in the clinical 
setting. This and other factors combine to encourage the use of simulation to enhance 
learning” [1]. Simulation is gaining popularity not only for creating mock scenarios but 
also in learning psychomotor skills [2-5].
Existing simulators have shown some utility but there is still potential for further 
improvement if the positive attributes of each could be drawn together to create a 
high ϐidelity simulator. This was the conclusion reached by our team in a review article 
on epidural simulators where user feedback from existing simulators highlighted 
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the unrealistic sensation of needle advancement, particularly at the point of loss-of-
resistance [6]. The primary aim of this study was to quantify pressures generated 
during epidural needle insertion in parturients of varying BMI in a bid to incorporate 
these measured epidural insertion pressures into a simulator. This measurement will 
address the deϐiciency of unrealistic sensation of needle advancement in a proposed 
high ϐidelity epidural simulator. Ultrasonography and MRI of the parturients’ lumbar 
spine will enable the acquisition of detailed anatomical imaging linked to the measured 
epidural insertion pressures which may aid training of epiduralists during simulation 
by creating a visual three-dimensional display of relevant structures on a computer 
screen with realistic feel of epidural insertion.
The importance of how we teach neuraxial analgesia and anaesthesia stems from 
the fact that epidural analgesia can result in signiϐicant patient morbidity. The epidural 
procedure has been shown to require a high degree of skill and dexterity. The incidence 
of permanent harm (vertebral abscess, haematoma and nerve injury) from obstetric 
epidurals ranged from 0.2 to 1.24 in 100,000 [7]. Two large studies of obstetric 
epidural complications reported that, although rare, life-threatening complications 
do occur [8,9]. Post-dural puncture headache (PDPH) has a more frequent occurrence 
of approximately 1% with other studies quoting a higher incidence of 2.8% [10,11]. 
Changes to training and compliance with European Working Time Directive create 
fewer opportunities for anaesthetists to learn technical skills. Recent reviews comment 
on the poorly structured system for teaching skill acquisition and highlight the shift 
away from practising on patients due to reduced tolerance for error [12-14].
The current obesity epidemic poses greater challenges with signiϐicantly more 
attempts needed to site epidurals by anaesthetists with reduced experience. Analgesic 
failure and epidural re-sites are more likely [15-18]. The ability to practice simulation 
of patients with various body mass indices may assist in the learning process and 
reduce the learning curve. A survey of anaesthetic trainee members of the Obstetric 
Anaesthetists’ Association in 2013 conducted by our team revealed that learning the 
epidural technique generates marked stress and anxiety and trainees strongly support 
training on epidural simulators [19]. By developing a novel epidural simulator to 
provide realistic needle insertion feedback coupled with detailed anatomical imaging, 
we hope to improve the training in epidural technique, reduce the learning curve and 
also reduce patient morbidity.
Methods
This study was approved by the National Research Ethics Service Committee South 
Central, Portsmouth (REC reference 11/SC/0196). Participants were women admitted 
to Poole Maternity Hospital delivery suite. Women who had expressed an interest in 
epidural analgesia at an early stage during their labour were recruited after obtaining 
written informed consent. Parturients were divided into four sub-groups according to 
their BMI, which was calculated from their current weight and height. (kg/m2). The four 
sub-groups were as follows; BMI 18-24.9; BMI 25-34.9; BMI 35-44.9 and BMI >=45. A 
sample size of 20 parturients was selected for this observational study, with ϐive in 
each BMI sub-group to represent the measurements of the sub-groups. The recruits 
were not randomised and measurements were undertaken when the two experienced 
anaesthetic researchers were available.
Healthy nulliparous or multiparous labouring women, more than 18 years of 
age with singleton pregnancies were included. Exclusion criteria included absolute 
contraindication to epidural analgesia, known spinal abnormalities, previous back 
surgery, history of connective tissue disorders, women who needed their epidural re-
siting or where there were doubts regarding communication or understanding of the 
study.
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Following study consent and prior to the epidural procedure, an ultrasound 
scan of the lumbar spine was performed using the Sonosite® M-Turbo™ ultrasound 
machine by the trained researcher. The images were recorded and stored for later use 
in the development of a proposed high ϐidelity simulator. When epidural analgesia 
was requested, as is standard practice, verbal informed consent was obtained after 
the parturient was provided with information from the Poole Maternity epidural 
information card. The parturient was placed in the sitting position and the epidural 
procedure was conducted using strict aseptic technique by one of two experienced 
anaesthetists who have performed in excess of 250 successful lumbar epidurals (R.I. 
and B.P.). The epidural space was located using a Portex 16-gauge Tuohy needle 
(Smiths Medical, Kent, UK) at either the L2/L3 or L3/L4 interspaces using the midline 
approach. These are clinically the commonest spinal levels for epidural anaesthesia. 
Pressure was applied to the plunger of the saline-ϐilled loss of resistance syringe as 
the needle traversed the lumbar interspace until the epidural space was located using 
the ‘loss of resistance’ (LOR) technique whereby the plunger pressure rapidly reduces 
upon entering the epidural space. The exact technique adopted by the two epiduralists 
was not speciϐied and they used a mixture of constant pressure and intermittent 
pressure techniques. Measurement of the epidural pressures was recorded in between 
contractions (detected from the continuous tocograph tracing) via a sterile three-way 
tap (BD ConnectaTM) connected between the saline-ϐilled loss of resistance syringe and 
Tuohy needle with a metre long saline-ϐilled pressure manometer tubing linked to a 
pressure transducer (Kimal, London, UK). Recording of the epidural needle insertion 
pressures was undertaken wirelessly using an in-house system described and tested 
in our pilot porcine trial [20]. This ensured that the privacy of the parturient as only 
the research epiduralist and midwife were present in the room. Insertion pressure 
measurements ceased after epidural space identiϐication. An epidural catheter was 
inserted and epidural analgesia was commenced as per Poole Maternity Unit guidelines. 
An MRI scan of the lumbar spine was performed within 72 hours of delivery at 
the convenience of the parturient. Images were stored for further analysis at the end 
of the trial. All MRI lumbar scans were performed using a sequence known as VISTA 
(Philips Healthcare, Surrey, UK) which is a three-dimensional, T2-weighted, turbo spin 
echo with isotropic spatial resolution sequence. An experienced MRI radiographer and 
radiologist identiϐied the ligamentum ϐlavum (LF) from the images with a member of 
the research team using software on the Philips Ingenia 3.0T MRI scanner (Philips 
Healthcare, Surrey, UK). Images were taken in the longitudinal plane and reconstructed 
into a transverse view. After localization of the LF, a region of interest (ROI) within 
the ligament was drawn at the presumed level of epidural insertion. This enabled 
calculation of the minimum, maximum and mean image intensity for each selected ROI 
and a histogram of intensity distribution plotted for each parturient.
Analysis of Variance (ANOVA) was applied to compare the maximum pressure 
between the four BMI groups. This was unbalanced one-factor analysis as it involved 
the factor BMI and the effect of BMI on insertion pressure. Since the study had 4 BMI 
groups, analysis involved four levels of the BMI factor. One-way ANOVA was applied 
because the sample contained more than 2 BMI group levels. The design was targeted 
to meet principles of replication and randomisation. The aim of ANOVA was to estimate 
the amount of variation due to assignable causes (variance between BMI groups) as 
well as due to chance causes (variance within BMI groups). Paired t-test was used to 
compare the mean insertion pressures between the 4 BMI groups.
Results
Epidural insertion pressure traces were recorded in 19 out of 20 labouring women 
(Figure 1). We could not complete a full set of measurements and imaging within 
the BMI >=45 sub-group as the study period ended before we could recruit the last 
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participant. For each parturient, the peak (maximum) pressure was measured at the 
point just before LOR and the lowest (minimum) pressure was recorded when the 
reading stabilised after initial insertion. It was interesting to note that Anaesthetist 
A used a combined intermittent and constant pressure epidural technique whereas 
anaesthetist B used predominantly constant pressure technique to identify the 
epidural space.
During recording of the epidural insertion pressures, certain events within the 
graph such as interspinous ligament entry and piercing the ligamentum ϐlavum may 
occur in a different place with respect to time for each patient. Due to this, the activity 
timing cannot be controlled in the same way for each participant. Further, the data 
cannot be combined time-wise so only the minimum and maximum pressure values 
are compared. 
When each parturient was recruited, regardless of their BMI stratiϐication, they 
were assigned to whichever operator was on duty and therefore not randomised. 
The mean values for each group in Table 1 include a mixture of epidural insertion 
pressures measured from either anaesthetist A or B. The number of parturients 
assigned to each anaesthetist (A and B) also varied between groups and anaesthetist 
A performed the majority of the epidurals due to availability. An interesting ϐinding 
was the differences in the actual epidural technique arising from the resultant display 
of the epidural pressure traces between the two experienced anaesthetists, one using 
predominantly an intermittent technique (anaesthetist A) whilst the other a constant 
pressure technique (anaesthetist B); Figure 1. 
The minimum, maximum and mean value for each group was tabulated in Table 1. 
For each parturient, the peak pressure measurement was visible at the point just before 
Figure 1: Epidural needle insertion pressure traces of the two epiduralists on labouring women of varying BMI showing two different techniques of epidural insertion.
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LOR. The results suggest a trend towards lower mean pressures as the BMI gradually 
increases. The conϐidence intervals in Figure 2 show the range for each BMI group 
inside of which we can be 95% conϐident that the population mean falls.
One-way ANOVA was used to compare difference in needle insertion pressure 
between the BMI groups. The resulting p-value of 0.52 suggests that there were no 
statistically signiϐicant differences between BMI groups. A paired t-test was performed 
between BMI group 18-24.9 and the three other BMI groups. The observed difference 
between the sample means in the pressure measurement dataset was not signiϐicant 
(p>0.10).
The study also used T2-weighted MRI data to differentiate on the basis of intensity 
in which fat, water and ϐluid are brightest. This allows the intensity to be used to identify 
the content of tissue. The size of the region of interest (ROI) varied from patient to 
patient, ranging from 11-43 pixels, which equates to an area of tissue size 9–37 mm2. 
The tissue in the ROI was selected within the visible part of the ligamentum ϐlavum, 
which is responsible for the highest insertion pressure before reaching the epidural 
space. The MRI intensity represents the strength of the MR signal. The stronger the MR 
signal, the brighter the region within the image. There has been recent evidence that 
MRI data can enable tissue density quantiϐication [21]. Tissue density may affect the 
pressures measured during insertion of Tuohy needle.
To check the variation further, ANOVA was conducted upon the analysis of the 
MRI intensity between BMI groups. MRI scans were undertaken in 17 of the 19 study 
participants as one parturient refused to have an MRI, despite earlier consenting to 
the imaging procedure and one parturient with a BMI>=45 had a novel gastric band 
device in-situ and we were uncertain of its compatibility with MRI. The paired t-test 
was performed for MRI ligamentum ϐlavum intensity comparing BMI group 18-24.9 
to the other groups. There was no signiϐicant difference in MRI ligamentum ϐlavum 
intensities between BMI groups (p=0.4). As BMI increases, maximum MRI intensity of 
the ligamentum ϐlavum is seen to decrease based on analysis of ROI at the presumed 
insertion level of the epidural needle (Figure 3). However, statistical analysis has 
shown that this is not signiϐicantly different between groups. 
Discussion
This clinical study measured a range of epidural needle insertion pressures 
in labouring parturients of varying BMI. Although statistical analysis revealed no 
Table 1:  The needle insertion pressures (mmHg) and BMI group.
BMI sub-
group
(kg/m2)
Max Pressure 
(mmHg)
Mean Max Pressure (mmHg) and 
(Standard Deviation)
Min 
Pressure
(mmHg)
Mean Min Pressure
(mmHg) and (Standard 
Deviation)
18-24.9
480
385
460
450
530
461 (46)
200
125
90
100
150
133 (39)
25-34.9
390
430
320
490
520
430 (79)
100
80
60
0
0
48 (41)
35-44.9
300
285
510
510
470
415 (101
50
0
50
50
0
30 (24)
>=45
280
400
380
450
376 (71)
50
0
50
0
25 (25)
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signiϐicant trend between BMI groups, the measured data will be useful for incorporating 
into high ϐidelity epidural simulators to replicate a realistic in vivo experience. Tran 
and colleagues used a complicated pressure measuring system to record the forces 
applied during epidural insertions in 11 parturients with BMI ranging from 25 to 30 
using a 17-gauge Tuohy needle with glass syringe for LOR [22]. Due to differences in 
method, technique and equipment we could not accurately compare the results of their 
study with ours, although reference to previously reported pressures when the needle 
tip is in the ligamentum ϐlavum for adults does conϐirm similarity with our data [21].
In an attempt to elucidate the density of the ligamentum ϐlavum in parturients with 
varying BMI, we analysed MRI scans of the ligamentum ϐlavum in the four groups. 
By utilising image intensity in the selected ROI and through the creation of intensity 
histograms, we were able to infer details of ligament composition and density. The 
interpretation of this limited data has to be taken with caution. The statistical analysis 
showed no signiϐicant change in MRI intensity of the ligamentum ϐlavum with 
increasing BMI. 
Anaesthetist A conducted the majority of the pressure measurements and was 
also involved in the initial porcine study but had two inadvertent dural punctures 
during the course of the study using a combined intermittent and constant pressure 
technique. Anaesthetist B, who joined the study at a later stage, used a pure constant 
Figure 2: The 95% mean confi dence intervals of maximum mean pressure for each BMI group.
Figure 3: Maximum MRI intensity versus BMI category.
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pressure technique and did not have any dural taps in the six study epidural pressure 
measurements. This ϐinding may be coincidental but it opens a discussion of the 
possible merits of the constant pressure technique versus intermittent technique in 
terms of potential risk of inadvertent dural puncture. The signature pressure traces in 
a simulator scenario could potentially be utilized for training techniques and honing 
skills and should be the subject of further study.
A complete description of forces involved during needle insertion is complex. In 
particular, there is interplay between the reaction forces from the needle shaft in 
tissue versus reaction forces from the plunger of the syringe. Both are critical for a 
simulator to reproduce in order to have as close to an in vivo experience as possible. 
The complex needle insertion forces include tip/cutting forces, shaft friction and non-
axial forces and torques. The plunger force includes the needle oriϐice/tissue interface, 
syringe friction, syringe leakage and saline compression. It is extremely challenging 
to accurately quantify these minute forces but we believe that the measured resultant 
insertion pressure represented a good surrogate [19]. A secondary aim of this study 
was to utilise the pressure data, ultrasound and MRI images for incorporation into 
a novel high ϐidelity epidural simulator. This would increase the realistic feel of the 
simulated epidural procedure, whilst assessing the skill of the epiduralist by measuring 
not only their success rate in reaching the epidural space without breaching the dura 
but also the details of the technique utilized. We have reviewed all the past and present 
commercially available epidural simulators and concluded that none have the required 
high-ϐidelity characteristics to enhance training in the epidural procedure [6]. From 
the data acquired speciϐically related to pressure measurement, we would be able to 
integrate this important variable into the proposed model. Further work will involve 
developing and evaluation of this proposed high-ϐidelity epidural simulator and the 
analysis of epidural pressure traces related to technique and risk of morbidity.
In conclusion, we have been able to quantify the pressures generated during 
insertion of a Tuohy needle in labouring women of varying BMI. Differing epidural 
insertion pressures between parturients of varying BMI may be related to differences 
in ligamental and tissue structures.
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